We have determined 3,400 base pairs of DNA sequence from the phage X genome which starts to the right of P L and runs to the left into the gene bet. The sequence thus includes the genes, N, ral, EalO, cIII, kil and gam, as well as the transcription terminators T L I and T L 2 . One surprising feature of the sequence is the presence in the region expected to be occupied by ral of a long open reading frame that, if it is expressed, would have to be transcribed from left to right, or counter to transcription from P L .
INTRODUCTION
The region of the X genome to the left of gene N has been reported to code for more gene products than could be accounted for by the space available in the DNA unless some of the genes were overlapping (for a recent review see ref. 1 ) . Our interest in this region of the X genome stems from the fact that it contains the gene ral which codes for a function that helps X to overcome to some extent the full effects of host coded restriction systems ' . For these reasons, we have determined the DNA sequence of the region in question. The sequence that we present here begins to the right of P L at about map unit 74.0 and continues to the left till about map unit 67; it should include the
MATERIALS AND METHODS
The Xcl857£7 strain that was used for the sequencing was brought to Basle in 1972 by R. Yuan from the laboratory of M. Meselson in Harvard University. Phages were prepared following heat induction of lysogens and were purified by two cycles of CsCl step gradient centrifugation. DNA was purified from the phage particles by phenol extraction and the phenol was removed by extensive dialysis.
All DNA sequencing was done with phage DNA> no cloned derivatives were used. In general, a large DNA fragment from the region of interest was isolated (for example: a BamHI/Bglll fragment (see Fig. 1 )) by agarose gel electrophoresis and purified following dissolution of the gel in saturated KI by chromato-7 8 graphy on hydroxlapatite ' . The fragment was then digested with a fine cutting restriction enzyme, the 3' ends were labelled with the appropriate a-P-labelled deoxynucleotide (Amersham) q and the Klenow fragment of DNA polymerase I (Boehringer) , the DNA was re-cut with another restriction enzyme and the labelled fragments separated by polyacrylamide gel electrophoresis. DNA was eluted from slices of polyacrylamide gel as described in ref. 10 , except that the elution buffer was phenol saturated Tris/EDTA. DNA sequencing was done with the method of Maxam and Gilbert ' , and the products were separated on 8% or 17.4% 12 polyacrylamide gels 0.5 x 350 x 430 mm in size RESULTS AND DISCUSSION Sequencing strategy -The region of the X genome that we have sequenced together with the sequencing strategy is shown in Figure 1 . Eighty four percent of the sequence has been determined from both strands of the DNA and all of the secondary restriction sites that were used for sequencing except the Bglll site have been sequenced across, so that we are sure that we have missed no small DNA fragments. The presence of 5-meC residues, which would be resistant to cleavage in the sequencing reactions , was monitored by digestion with the restriction enzyme BstNI, which cleaves at the sites of methylation in E. coli K12. Some
Xr-
•tt clero nHI Figure 1 . Sequencing strategy., The top line represents the phage X genome, the region that we have sequenced is shown expanded in the centre of the Figure and the sequencing strategy is shown at the 1 bottom* A listing of restriction enzyme recognition sites in this region is available from the authors upon request. regions of the DNA gave particular difficulties in interpretation when sequence was read from one strand. These difficulties, which occurred in regions with the potential to form G + C-rich 14 secondary structure , could all be resolved from the sequence derived from the other strand" We believe that the sequence which we have determined, and which is shown in Figure 2 , most likely contains no errors.
Coding capacity -The proteins larger than 60 amino acids that could theoretically be coded by this sequence in all six frames (assuming an AUG start codon and the usual stop codons) are shown in Figure 3 . Two of these reading frames (those marked ?
in Figure 3 ) are unlikely to code for proteins. The amino acid compositions that they predict bear no resemblance to those that have been found for real proteins (for example, the amount of serine in both of them would be over 12 moles % ) . They will not be further considered here. The method described by Shepherd when applied to the whole length of the genes predicts the correct reading frames for all of them, suggesting that they are indeed protein-coding.
The rightmost of these reading frames has already been shown by Franklin and Bennett to code for gene N and will not be further commented here except to remark that there is not a single nucleotide difference between their sequence and ours.
In the following paragraphs we discuss the reasons for positioning the other genes shown in Provisionally, we would like to suggest that the new gene be called git for £ene involved in _tro because it is a distinct possibility that it might be the second component (EalO) in the Tro phenotype described by Georgiou e t a l . . Briefly, this is a phenotype exhibited by cits cro lysogens at high temperature.
Although they are induced, these cells cease growth and most macromolecular synthesis and fail to produce phage. This phenotype was partially alleviated in phages carrying bio substitutions that destroy EalO, leading these authors to suggest that this gene was one component of the phenotype, and completely abolished when the substitution extended into the carboxyl terminal end of gene N, leading to the suggestion that N was a second component of the phenotype. We would like to suggest that an alternate explanation might be that, because the cro" phage fail to shut of transcription from P , the git gene that we describe here 21 could never be transcribed and that the second component of the Tro phenotype might well be the git product rather than the N gene product (the N gene product made by the bio substitution is 23 active, although less stable than the wild type ) . In other words, rather than being due to an overproduction of EalO and N, terminators in having a long stretch of thymidyl residues 3' to the stem and loop structure. (For reasons that will be discussed later, we believe that the region in front of kil is most probably T L 2 ) . The region in front of the £lll gene is especially interesting in that it has the capacity to form alternative and mutually exclusive secondary structure as shown in Figure 4 somewhat reminiscent of the structure proposed for the attenuator of the tryptophan operon . We note also that the nutL site situated before the N gene also has the potential of forming a stem and loop (Fig. 4) and might act as a pause site to account for the 25 T L0 postulated by Salstrom and Szybalski Spotting rho-dependent terminators from sequence data is more difficult than spotting rho-independent ones because the sequence of fewer of them has been determined and they do not display many The significance of these homologies with known terminators is difficult to evaluate. However, taken together with their positions and previous knowledge of terminators in this region, we would like to suggest that the above homology represents T _•
